Unanticipated increases in the BRIC countries' liquidity lead to significant and persistent increases in real oil prices, global oil production and global real aggregate demand. Unanticipated shocks to the liquidity of developed countries over 1997:01-2011:12 do not. The relative contribution to real oil price of liquidity in BRIC countries to liquidity in developed countries is much greater since 2005 than before 2005. China and India drive the results for the effect of BRIC countries' liquidity on real oil price and global oil production. China and India and Brazil and Russia reinforce one another on the effect of liquidity on global real aggregate demand. Due to the difference between countries as commodity importers/exporters, the liquidity of Brazil and Russia increases significantly with a rise in real oil price and that of China and India decreases significantly with a rise in real oil price. It is shown that the strong rebound in oil price during 2009 is mostly due to strong effects of shocks to liquidity in the BRIC countries. The analysis helps in assessing the importance of the BRIC economies in the upsurge of the real price of crude oil.
Introduction
A number of papers in the literature have emphasized the effect of global liquidity on the prices of broader categories of assets and on the prices of goods. Darius and Radde (2010) argue that the current interest in global liquidity is tied to the possible implications for the determination of asset prices and to the view that the effectiveness of domestic monetary policy is debilitated due to external global factors. Belke, Orth and Setzer (2010) document that global liquidity has risen since 2001 with impacts on the price of assets in inelastic supply such as housing and commodities. 1 Brana, Djigbenou, and Prat (2012) link global excess liquidity to asset prices in emerging economies. Belke, Bordon and Hendricks (2010) find that causality between monetary aggregates and oil prices runs both ways. Barsky and Kilian (2002) connect large increases in global liquidity measured by money growth in the United States and nine other OECD countries with the substantial increase in commodity prices preceding the increase in oil prices in 1973 -1974 . Baks and Kramer (1999 , Ruffer and Stracca (2006) and Sousa and Zaghini (2007) In parallel with these analyses Hamilton (2009; 2011) and Kilian and Hicks (2012) associate the rise in real oil price over [2003] [2004] [2005] [2006] [2007] [2008] with growth in emerging economies, primarily that in China and India. In this paper we seek to determine the influence of liquidity as it arises from the major developed and major developing economies on the price of crude oil. Our view is that increases in liquidity increase oil prices and that it matters where the innovation in liquidity is originating. The major developing economies are taken to be the BRIC countries comprised of Brazil, the Russian Federation, India and China. The BRIC countries have not only had dramatic increases in real 1 Adalid and Detken, (2007) and Greiber (2007) find that liquidity spill-overs impact real house prices. Darius and Radde (2010) show that global liquidity has impacts on house prices and a commodity price index (but not equity prices and oil prices). Gerdesmeier, Roffia and Reimers (2009) find that high money and credit growth are associated with an asset price boom some quarters later.
income, but also considerable increases in liquidity in recent years. A structural vector error correction model is employed in the analysis. It is found that China and India (major commodity importing countries) drive the results for the effect of BRIC countries' liquidity on real oil price and global oil production. China and India and Brazil and Russia reinforce one another on the effect of liquidity on global real aggregate demand. Due to the difference between the two groups of emerging countries in terms of their differences as commodity importers/exporters, the liquidity of Brazil and Russia (major commodity exporting countries) increases significantly with a rise in real oil price whereas that of China and India decreases significantly with a rise in real oil price. The analysis helps understand the causes of movement in oil prices over the last twenty years and assists in assessing the importance of the BRIC economies in the upsurge of the real price of crude oil.
The behaviour of the BRIC countries' liquidity and that of other major countries is examined in Section 2. The structural vector error correction (SVEC) model for analysis of liquidity and real crude oil prices is discussed in Section 3. The empirical results are presented in Section 4. The question of whether China and India drive the results is examined in Section 5 and tests of robustness of results are conducted in Section 6. Section 7 concludes.
The BRIC and G3 countries' Liquidity
In this study we will use real M2 as a measure of liquidity for the BRIC (Brazil, Russia, India and China) and G3 (Eurozone, Japan and U.S.) countries. This is determined by the availability of monthly M2 data for the countries involved over 1997:1 to 2011:12.
2 The BRIC countries have become much more important providers of global liquidity in recent years. Information on M2 in U.S. dollars for the BRIC countries and for the G3 over 1997:01-2011: 12 is provided in Figure 1 . Figure 1a presents the nominal money supplies of Brazil, Russia, India and China and Figure 1b presents the nominal money supplies for the Eurozone, Japan and the U.S. The scale of the left hand side of Figure 1a is for M2 for Brazil, Russia and India, and the scale of the right hand side of Figure   1a is for M2 for China. Over the fifteen years from 1997:01 to 2011:12 M2 is up approximately by factors of 4.8, 15.5, 7.5 and 14.2 in Brazil, Russia, India and China, respectively. Overall, M2 for the BRICs is up by a factor of 13.3. In contrast, over 1997:01 to 2011:12, M2 is up by factors of 2.6, 2.2 and 2.5 in the Eurozone, Japan and the U.S., respectively, and M2 is up by a factor of 2.4 in the G3.
The rise of BRIC countries money supply as share of global money supply has been marked.
If Global M2 is taken to be the sum of the M2 in the BRICs and in the G3, in Figure 1c Darius and Radde (2010) construct a quarterly measure of global liquidity given by the sum of the U.S. monetary base and world international reserves. Ruffer and Stracca (2006) and Brana et al. (2012) provide a review and discussion of alternative measures of global liquidity.
M2 in the BRIC countries has also been relatively large when scaled by nominal GDP (showing an unprecedented upward trend after 2008). This is illustrated in Figure 1d . Over 1997-2011 the M2/GDP ratio for the G3 increased by 36% and for the BRICs has increased by 137%. The monetary aggregate/nominal GDP ratio has been adopted as an excess liquidity in a number of studies.
The real oil price in U.S. dollars based on an index of 100 in 1997:01 is shown in Figure 1e .
The index for real oil price stands at about 398 in 2011:12, having peaked at 531 in 2008:06. An index for the sum of real M2 in U.S. dollars in China and India is also shown in Figure 1e . The deflator is the U.S. CPI. In this paper we investigate whether liquidity in China and India and in the BRIC countries has played a role in influencing the real price of oil.
The model
Hamilton's (1983) influential paper on the effect of oil prices on the U.S. economy treated oil prices changes as exogenous over the post-World War II period. This assumption was retained in work by Kim and Loungani (1992) , Lee, Ni and Ratti (1995) , and Bernanke, Gertler and Watson (1997) , among many others. Leduc and Sill (2007) , Bodenstein, Erceg and Guerrieri (2008) and Gillman and Nakov (2009) the inverse null hypothesis is tested. These test results are reported in Table 1 .
To formally establish the cointegration relationship among these five variables, we use the Johansen's cointegration test. 9 We include the logs of the five I(1) variables in a VAR model using the variable order described in equation 4 and the lag structure determined by the Schwarz Bayesian Criterion (SBC). The standard VAR Johansen trace and eight values test consistently support the hypothesis of one cointegration vector among the five variables in both cases, when no intercept or trend are included in the error correction term (ECT) and when intercept or trend is included in the VAR system as reported in Table 2 .
Methodology
7 Russian federation exchange rate has been interpolated from the annual series as monthly data for Ruble /U.S. dollars is not available for the full sample period. 8 Note that for the variable only the ADF and PP test indicate this variable is I(1) in table 1a. Further tests (e.g. Elliot-Rothenberg-Stock (ERS) and Ng-Perron (NP)) and optical inspection also support the hypothesis of being I(1). 9 For more detail of this test please see Enders (2004) , pp. 362.
To identify changes in real oil price arising from oil supply shocks, global real aggregate demand shocks, oil sector specific-demand shocks, and shocks to real M2 for G3 countries and real M2 for BRIC countries we employ a structural VEC model (SVEC) model capturing the cointegration among all variables in the system. The SVEC model is expressed in matrix form as (for simplicity the constant term is omitted):
where j is the optimal lag length, determined by the SBC (two lags in this case), t X is vector of endogenous variables, is the error correction term, and t  is the vector of structural changes, which is serially and mutually independent.
The endogenous variables in the model are:
And the error correction term :
Consistent with our cointegration tests in Table 2 and restrictions imposed in equation 4 (Cholesky lower triangle matrix), the is specified by normalizing the less endogenous variable in the system ( ) and specifying a constant term but no trend.
To identify the model restriction are imposed in the vectors as follows: only imposed in the contemporaneous matrix. These restrictions are placed using Cholesky lower triangle matrix shown in equation (4). The restrictions in equation (4) imply that shocks to oil production are assumed to not respond to the other structural shocks contemporaneously, since oil production is unlikely to respond to the other shocks within the same month. Global real aggregate demand is assumed to respond contemporaneously to, for example, an oil production shortage, but not to monetary variables and oil prices. Innovations to the real price of oil not explained by shocks to oil supply or global real aggregate demand will reflect changes in the sector specific demand for oil. The system (4) implies that shocks to global oil production, global real aggregate demand, and real oil price will influence contemporaneously by real M2 in the G3 and in the BRIC countries, and not the reverse. The placing of monetary variables after that of real oil price is consistent with Kilian and Lewis (2011). 11 It is assumed that the BRIC countries' M2 depends contemporaneously on the G3 M2 due to smaller aggregate size.
The empirical results

VEC model results
In table 3, the five equations system results for the VEC model are presented.
Contemporaneous BRICM2 is statistically significant explaining oil production and with lags statistically significant explaining real aggregate demand and real oil prices. However, the G3M2 is not statistically significant explaining neither oil production, real aggregate demand or real oil prices.
The error correction coefficient is statistically significant at 1% for the oil production equation and statically significant at 12% for both real oil prices and BRICM2. This confirms that when there is a deviation from the cointegration relationships as measure by the ECT, mainly changes in oil production, real oil prices and BRICM2 adjust in the return to the long term equilibrium.
11 Kilian and Lewis (2011) includes the Federal fund rate in a structural VAR model immediately after the real oil price in an analysis of the relationship between monetary policy and real oil prices. Figure 2 shows the responses of the variables in the SVEC to one-standard deviation structural innovations. The dashed lines represent a two standard error confidence band around the estimates of the coefficients of the impulse response functions. 12 In the first column are shown the responses of global oil production, global real aggregate demand, real price of oil, G3 real M2 and BRIC real M2 to a structural (positive) innovation in global oil production. The effect of an unanticipated supply disruption on global oil production is very persistent and highly significant. An unanticipated negative innovation in global oil production does not cause significant effects on the real price of oil or on global real aggregate demand. A disruption to global oil production causes an insignificant decline in BRIC country M2, and a decline in G3 M2 that is significant in the first month.
Impulse response function results
In the second column of Figure 2 a positive global real aggregate demand shock has a persistent positive effect on global oil production that is not statistically significant. An unanticipated global real aggregate demand expansion has a very persistent and highly significant effect on global real aggregate demand that rises over time. A positive global real activity shock has a positive and persistent effect on real oil prices that is statistically significant for about five months. 13 A positive shock to global real activity causes G3 real M2 to increase, significantly in the first month, and then gradually erode. A positive shock to global real activity causes BRIC real M2 to fall, but the effect is not statistically significant.
The effects of an oil market-specific demand shock are shown in column 3 of Figure 2 . In the third row of column 3 a positive shock in oil market-specific demand shock has a large and persistent 12 The confidence bands are obtained using Monte Carlo integration as described by Sims (1980) , where 5000 draws were used from the asymptotic distribution of the VAR coefficient. 13 This result is different from the finding by Kilian (2009 Kilian ( ) for 1973 Kilian ( :1-2007 in that a positive shock to global real aggregate demand for all industrial commodities resulted in a significant oil price increase that builds up over the first year and then is sustained at a large value. The difference in findings here is due to the different sample periods rather than use of Kilian's (2009) SVAR and measurement of aggregate demand by demand for all industrial commodities or the inclusion of M2 variables in the SVAR. For a 3 variable SVAR along the lines of Kilian's (2009 Kilian's ( ) model estimated over 1996 Kilian's ( :1-2011 are that a positive shock to aggregate demand for all industrial commodities causes a significant effect on real oil price only over the first three months (after which the effect gradually erodes).
positive effect on the real price of oil. This effect is highly statistically significant and rises in magnitude over the first three months. An oil market-specific demand shock is not associated with significant effects on global oil production, but is linked with significant increases in global real aggregate demand. A positive oil market-specific demand shock is associated with insignificant declines in G3 real M2 and increases in BRIC real M2.
In the fourth and fifth columns are shown the responses of the variables to structural innovations in G3 M2 and BRIC M2, respectively. In response to an unanticipated increase in the BRIC countries' real M2 there are significant and persistent increases in global oil production, global real aggregate demand and in real oil prices. After the shock to BRIC real M2, the increase in global oil production builds up and is statistically significant after the fifth month and remains so for the remaining fifteen months shown. The rise in global real aggregate demand is statistically significant over all twenty months. The increase in real oil prices is statistically significant for sixteen months.
The responses of global oil production, global real aggregate demand and real oil prices to an unanticipated shock to G3 real M2 are not statistically significant and are much smaller than the responses to shocks to BRIC M2.
These results underline the fact that for effects on real oil prices it matters where the innovation in money is originating. Over 1997:01-2011:12 an innovation in BRIC countries' real M2 has significant effects on oil production, on global aggregate demand and on real oil price, whereas an innovation in real M2 in the G3 does not. A further asymmetry between the roles of BRIC real money and G3 real money lies in the effects that they have on each other. In the fourth column and last row of Figure 2 , an unanticipated increase in the G3 real M2 significantly increases BRIC countries' real M2. The effect is substantial within two months, persists and remains statistically significant even after twenty months. An unanticipated increase in the BRIC countries' real M2, on the other hand, does not significantly affect G3 real M2.
Historical decomposition of real oil price
The cumulative contribution to the real price of oil of the structural shocks to global oil production, global real aggregate demand, oil-specific demand, G3 real M2 and BRIC real M2 are reported in Figure 3 
Historical decomposition of global oil production
The cumulative contribution to global oil production of the structural shocks to global oil production, global real aggregate demand, oil-specific demand, G3 real M2 and BRIC real M2 can also be calculated from the estimated SVEC model in equation (4). We note from the impulse response results that positive shocks in the BRIC countries' liquidity lead to significant and persistent increases in global oil production, and that shocks to the liquidity of the G3 countries do not. To economize on space we only report the cumulative effect on global oil production of structural shocks to BRICM2 and G3M2 in Figure 5 . The relative contribution to global oil production of liquidity in BRIC countries to liquidity in G3 countries, like that of the effect on real oil price, has become much more important in recent years. The relative contribution of the BRIC countries' liquidity to global oil production is particularly marked since 2006.
Do China and India drive the results?
The countries, Brazil, Russia, India and China, are grouped and given the acronym BRIC on account of their being the four largest fast growing emerging economies. However, with regard to the export and import of oil and other commodities their status is very different. 15 China and India are major commodity and oil importers and Brazil and Russia are major commodity exporters (Brazil is self-sufficient in energy). The net export status of the economy with regard to energy products has implications for how a rise in the price of oil would affect real M2. For this reason we will separate the BRIC countries into a group comprising China and India a group comprising Brazil and Russia. 
Model with China/India and Brazil/Russia
A six-variable VEC system analogous to equations (1) to (4) 
And the error correction term becomes:
15 Brazil and Russia are commodity rich economies including in energy products; Brazil in iron ore, coffee, soybeans, sugar, beef, oil and gas, and Russia in oil and gas, coal, gold, aluminum, nickel, gold and timber. Details on China and India as net importers and Brazil and Russia as net exporters of commodities and energy can be found at: http://www.imf.org/external/pubs/ft/weo/2012/01/pdf/c4.pdf . 16 Frankel and Rose (2010) note the role of growth in India and China as a major factor in the increase in commodity prices in the 2000s. They observe that even given this influence the acceleration of commodity prices between mid-2007 and the peak around the second half of 2008 is hard to explain given the down grade in expected growth in the real economy in response to the U.S. sub-prime mortgage crisis. The surge in liquidity in the BRIC countries, and particularly China, is consistent with the strong rise in oil and commodity prices over Figure 6 shows the responses of the variables in the model 2, the six variable SVEC, to onestandard deviation structural innovations. The finding that an innovation in BRIC countries' real M2 has significant effects on oil production, on global aggregate demand and on real oil price is refined.
Results for China/India and Brazil/Russia
The responses of global oil production, global real aggregate demand and real oil prices to an unanticipated shock to China's and India's real M2 are both large and statistically significant (in the first three rows of column 5 in Figure 6 ) and in accord with the results noted for the BRIC countries overall .
The response of global real aggregate demand to an unanticipated shock to Brazil's and Russia's real M2 is also positive, large and statistically significant, but the response of real oil price is not (in the second and third rows of column 6 in Figure 6 ). The responses of global oil production Brazil's and Russia's real M2 is negative at first and statistically significant for three months. The effect of real M2 on global oil production is different between shocks to liquidity arising in China and India compared to Brazil and Russia.
China and India drive the results for the effect of BRIC countries real M2 on real oil price and global oil production. China and India and Brazil and Russia reinforce one another on the effect of BRIC countries liquidity on global real aggregate demand. The responses of global oil production, 18 The order of the M2 variables in the VAR is determined by size, with the larger aggregates being placed earlier.
global real aggregate demand and real oil prices to an unanticipated shock to G3 real M2 are not as large and are not statistically significant (in the first three rows of column 4 in Figure 6 ).
A notable difference in results arises between the effects of global real aggregate demand and real oil price on and due to the difference between the two groups of emerging countries in terms of their differences as commodity importers/exporters. The real M2 of Brazil and Russia increases significantly with a rise in real oil price and increases (but not significantly) with a rise global real aggregate demand. In contrast, the real M2 of China and India decreases significantly with a rise in real oil price and with a rise global real aggregate demand. A lag length sensitivity of our SVEC models is test by using the Akaike Information Criterion (AIC) rather than the SBC. The AIC selected three lags rather than the two selected by the SBC. This exercise suggests that our SVEC models provided similar results using either two or three lags.
19 These findings of monetary contraction in China and India are consistent with those found for the U.S. by Kilian and Lewis (2011) that in response to positive innovations in aggregate demand shock and oil market-specific demand there are significant and sustained increase in the federal funds rate. Fan et al. (2011) observe that the central bank of China maintains that the money supply is the main monetary tool in China, a view confirmed by the analysis in their paper. Sánchez-Fung (2012) finds that monetary aggregates better represent monetary policy than interest rates in China.
The order of the first two variables in either equation 4 or equation 7 is clearly established by international studies such as Kilian (2009) and Kilian and Lewis (2011) . However, whether the real oil or the M2 variables and in model 1 and the real oil or the M2 variables , in model 2 is less clear.
Consequently, we re-estimate the models by switching the order of the and the M2 variables to find that general results remain unchanged using either order.
Autocorrelation, heteroskedasticity and stability condition
To test for autocorrelation and heteroskedasticity, the residual serial correlation LM test and the VAR residual heteroskedasticity test are carried out in both models. The null hypothesis of both, no serial correlation and no heteroskedasticity of the joint combinations of all error term products cannot be rejected at the 5% level (respectively).Consequently, the present of either autocorrelation and/or heteroskedasticity are discarded. The stability condition 20 for the VEC model, with r cointegrating equation and k endogenous variables, requires that at most k-r roots should be equal to unity, while the other roots must lie inside the unit root circle. Consequently, the inverse roots of the characteristic AR polynomial test are performed. This test finds that this condition is satisfied for both model 1 and model 2.
Conclusion
The BRIC countries have provided dramatic increases in liquidity in recent years.
Unanticipated increases in the BRIC countries' real M2 lead to significant and persistent increases in global oil production, global real aggregate demand and real oil prices. Increases the G3 countries' real M2 also lead to increases in these variables, but the effects are not statistically significant. After the shock to BRIC real M2, the increase in global oil production builds up and is statistically significant after the fifth month and remains so for fifteen months. *, **, *** indicates rejection of the null hypothesis at 1%, 5% and 10%, levels of significance. Notes: GO is global oil production, AD is global aggregate demand shock, RP is real oil price, G3M2 is M2 of G3 countries (U.S., Eurozone and Japan),and BRICM2 is the M2 of the BRIC countries (Brazil, Russia, India and China). The M2 variables and oil prices are deflated by U.S. CPI. Notes: GO is global oil production, AD is global aggregate demand shock, RP is real oil price, G3M2 is M2 of G3 countries (U.S., Eurozone and Japan), and BRICM2 is the M2 of the BRIC countries (Brazil, Russia, India and China). The M2 variables and oil prices are deflated by U.S. CPI. Notes: A positive (negative) value for difference in cumulative effect of structural shocks to BRICM2 and G3M2 on real oil price indicates larger (smaller) effect of G3M2 on real oil price than that of BRICM2. G3M2 is M2 of G3 countries (U.S., Eurozone and Japan), and BRICM2 is the M2 of the BRIC countries (Brazil, Russia, India and China). The M2 variables and oil prices are deflated by U.S. CPI. Figure 6 . The impulse response effects of the structural shocks for China and India, and for Brazil and Russia
Notes: GO is global oil production, AD is global aggregate demand shock, RP is real oil price, G3M2 is M2 of G3 countries (U.S., Eurozone and Japan), CIM2 is the M2 of China and India, and BRM2 is the M2 of Brazil and Russia. The M2 variables and oil prices are deflated by U.S. CPI. 
